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Molecular Cloning and Sequence Analysis of gdhA Gene of Pasteurella multocida B:2
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Abstract: Pasteurella multocida has been recognised as an important pathogen of animals that causes a wide
spectrum of diseases, collectively termed as pasteurellosis. The bacteria possess several housekeeping genes
that maintain the viability of the bacteria. One of the housekeeping genes is the gdhd gene that serves as a
major link between carbon and nitrogen metabolism. The full length gdhd gene of P. multocida B:2 was found
to be 1180bp while the functional fragment of the gene was 652bp. The gene was successfully sequenced and

later cloned mto E. coli pCR 2.1-TOPO vector.
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INTRODUCTION

Pasteurella multocida is the causative agent of a
wide range of diseases in both wild and domestic animals
leading to significant economic losses worldwide. It has
been recogmsed as an mmportant pathogen that causes

major problems in ruminant industr}’ . Among the most

important disease is haemorrhagic septicaemia, which is
caused P. muliocida B:2 W

The bacteria possess several housekeeping enzyme
genes that play important roles in maintaining the viability
of the bacteria”. Based on the multilocus sequence
analysis of housekeeping enzyme genes, P. multocida is
known to possess seven common housekeeping enzyme
genes that are interspersed around the chromosome!.
The genes that codes for housekeeping enzymes and
inveolves in nucleotide biosynthesis are adk (adenylate
cyclase) and deoD (purine nucleoside phosphorylase),
while arod  (3-phosphoshikimate  1-carboxyvinyl
transferase) and gdhd (glutamate dehydrogenase) play
a role in amino acid biosynthesis. In addition, other
genes that involve m energy metabolism pathway
pentose phosphate pathway, TCA cycle
and glycolisis pathway are g6pd (glucose-6-phosphate
1-dehydrogenase), mdh (malate dehydrogenase) and pgi
(phosphoglucose isomerase)™.

The glutamate dehydrogenase gene (gdhd), other
than catalyses the reversible deamination of L-glutamate

such as

to a-lketoglutarate, also serves as the major link between
carbon and nitrogen metabolisms'. These inter-
conversions are catalysed by several enzymes, which
include glutamate synthase, glutamate dehydrogenase

and  glutamate-dependent  aminotransferases™. In

P. multocida, the transcription of gdh4d gene produces
glutamate dehydrogenase enzymes that play a role in
amino acid transportation”. From the previous study on
the gdh4 gene, manipulation of this specific gene would
not disturb the viability of the bacteria since it only alters
the pathway of certain amino acids that cause the
organism to be glutamate dependant™. This report
identifies and describes the sequences and cloning of the
gdhA gene of P. multocida B:2.

MATERIALS AND METHODS

Bacterial strain: Two strains of Pasteurella multocida
B:2; the PmTB and Pm3030, 1solated earlier from cutbreaks
of haemorrhagic septicaemia of cattle, were grown either
in Brain Heart Infusion (BHI) broth (Oxoid) or on blood
agar containing 5% (vol/vol) sheep blood and 1.2%
(wt/vol) agar. It was incubated at 37°C for 24 h and
shaken at the rate of 150 rpm when grown in brain
heart infusion broth.

Escherichia coli were grown either in Luria broth
flasks at 37°C and shaken at 150 rpm or on Luria agar
contaiming 1% (wt/vol) agar. Ampicillin was used at the
concentration of 50 ug m L™ when needed™.

Preparation and manipulation of DNA: Chromosomal and
plasmid DNA of P. multocida B:2 were 1solated using the
standard procedure. The DNA concentrations were
determmed by UV-spectrophotometry at 260 and 280 nm
(Ultrospec 2000, GE Healthcare Bioscience, USA).

Amplification of the gene by PCR and nested PCR: The
chromosomal DNA was amplified by PCR using specific
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2601 TTAGTAAACA CCTTGCGCTA ACATCGCATC GGCGACTTTG
2641 ACAAATCCCG CAACGTTTGC ACCAACGACA TAATTAATGT TGGCTTGACC TTCAATCGTG
2701 CCGTATTTTT TACAGTTCGC GTGAATATCT AACATGATAC TGTGGAGTTT TTTATCGACT
2761 TCTTCCGCAG ACCAGTATAA ACGTTGTGAA CTTTGCGTCA TTTCTAGTCC TGAGGTTGCT
2821 ACACCGCCAG CATTCGCCGC TTTACCCGGA CCAAAG?GCA CGCCCGCGTC TAAAAAGGCA
2881 TCTGTTGCTT CAATAGTAGT TGGCATGTTA GCCCCTTCAG CCACTAATTG TACGCCATTG
2941 GCAATTAAGG TATTAGCAGA CGCTAAGTCT AATTCGTTTT GTGTCGCACA AGGCAGTGCA
3001 ATATCAACTT TGACTTCCCA AGGCGTTTTG CCTGCTACGT ATTTTAAACC GAATTGTTTC
3061 GCGTATTCTT CCACACGACC GCGTTTTTCG TTTTTCAATT CCATTAATGC AGCCAATTTT
3121 TCTGTTGTGA AACCGGCTTC ATCATAAACA TAACCAGATG AGTCAGAACA AGTTACGACT
3181 TTTGCCCCCA ATTGCAGCGC TTTTTCAATG GCATATTGCG CCACGTTACC CGAACCTGAA
3241 ACAGACACCG TTTTACCGGC AAAGCTTTGC CCTTTTTCAG CGAGCATCGC TTGGGCGARA
3301 TAGACTAGAC CATAACCGGT TGCTTCTGGG CGAATTAAAC TGCCACCGAA TGACAAGCCA
3361 CGACCGGTAA ACACGCAAGC GGCTTGGTTA GATAATTTTT TCATATAACC TGCTAGATAG
3421 CCGACTTCAC GTCCTCCTAC ACCAATATCA CCCGCAGGCA CATCGGTATC GGCGCCAACA
3481 TGACGGTATA ATTCTGCCAT TAAAGCTTGG CAGAAACGCA TGACTTCACC GTCAGATTTT
3541 CCTTTAGGAT CAAAATCGGA ACCGCCTTTG CCGCCCCCCA TTGGTAATGT GGTTAACGCG*
3601 TTTTTGAAGA TTTGTTCAAA ACCTAAGAAT TTTAAAATGG AAAGATTAAC AGAAGGATGG
3661 AAGCGCATTC CTCCTTTGAA AGGACCGATT GCACTGTTGT ATTGCACGCG GAATGCACGG
3721 TTAACTTGGG TTTGACCTTG ATCATCTIGTC CATGCTACGC GGAACTGAAT AACACGTTCA
3781 GGTTCAACTA AGCGTTCGAG TAGGGCTTGT GAACGATATT TTGGGTTAGC TTCTAAAAAA
3841 GGCCAGATAG AGGTARATAC TTCACGTACT GCCTGTAAAA ATTCAGGTTG CGTACCGTCG
3901 CGTTGTGCGA CTCTTTCTAA AAACGCATCT AATGTTGCAA CTTGAGACAT

Bold

: gdhA(1) primers amplified full length of gdhA gene.
: gdhA(2) primers amplified functional fragment of gdhA gene.

— Sequence of the 652bp functional gdhA gene of P. multocida

B:2

Fig. 1: Locations for both sets of primers, gdhA(1) and gdhA(2)

primers gdhA(1), 5°- CTTAGTTGAACCTGAACG-3’ for
sense primer and 5’- CTTGACCTTCAATCGTGC -3’ for
anti-sense primer. Nested-PCR was then completed
using the earlier PCR product with gdhA(2) primers,
5’-CGCGTTAACCACATTACC-3’ for sense primer and
5’-CCCTTCAGCCACTAATTG-3’ for anti-sense primer to
target amplification at the gdhA coding region Fig. 1%,
PCR was carried out with materials provided by
Fermentas, which contained Snmoles of each
deoxynucleoside triphosphate, 0.8 umoles of KCI,
0.2 umoles of Tris-HCL (pH 9.0), 0.03 umoles of MgCl, and
1 unit of Tag DNA polymerase. The bacterial DNA and
25 pmoles of each primer were then added to the PCR
master mix tube. PCR was then carried out in a final
volume of 15 uL.. Both PCR reaction were run for 35 cycles
on a Eppendorf Personal Master Cycler under the
following conditions: 1 cycle of denaturation at 95°C for
4 min, followed by 40 cycles of 95°C for 1 min, 56- 57°C for

primer annealing for 1 min and extension of 72°C for 1 min.
The final cycle included another additional extension step
of 72°C for 10 min.

Cloning, sequencing and analysis of the amplified gdhA
gene: Ensuing the existence of both amplified DNA
fragments on a 1% agarose gel electrophoresis, both PCR
products were fractioned by AGE, excised from the gel
and purified using the Gel Extraction Kit (Qiagen, UK).
The purified PCR fragments were then sequenced in both
direction on an ABI Prism 377 automated DNA sequencer
(Applied Biosystem, Foster City, USA) before the results
were compared with the whole genome of P. multocida
serotype A (PM70) from NCBI by BLAST
(http://www.ddbj.nig.ac.jp/search/blast-j.html).
Subsequent to confirmation, both PCR products were
cloned into pCR2.1 TOPO and transformed into E. coli
TOP10. The propagated plasmids were then prepared
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using QIAprep Spin Miniprep Kit (Qiagen, USA). All
positive clones were identified by restriction enzymes
digestion with BamHI and X%0l (Fermentas, Lithuania).
Both nucleotide sequences were analyzed using the
BioEdit v.5.0 software.

RESULTS

Characterization of the gdhA gene of P. mulfocida B:2:
The first pair of primer (gdh A (1)) successfully amplified
the full length of gdhA gene, which was 1180bp Fig. 2.
The second pair of primer (gdnA™) amplified the
functional fragment of the gdh A gene, which was 652bp

(Fig 3).

gdiA sequence: The 652bp functional gdhA gene of
P. multocida B:2 was sequenced and was found to be
98.7% homologous with the respective gene in the
genome sequence of P. mulfocida A (Pm70) used in
haemorrhagic septicaemia vaccine preparation (Fig. 1).

Cloning of the PCR product: Following cloning, ireatment
of recombinant pSZ1 that consisted of pCR2.1-TOPO
vector and the gdhA gene with BamHI and Xhol
confirmed the existence of 1180bp gene and determined
the orientation of the insert (Fig. 4).

PmTB

gdhA(l) 1.18kb

Fig. 2 The product following PCR with gdhA(l) primers
showing the 1.8kb band of the whole gdhA
genome. (M: marker 100bp DNA ladder (Promega,
USA), Lane 1 and 2 were amplified PCR products
from two igolates P. multocida B:2)

Fig. 3: The product following nested PCR with gdhA (2)
primers showing the 652bp gdhA functional gene.
{M: marker 100bp DNA ladder (Promega, USA), 1:
Nested-PCR products of gdhA (2))

Fig. 4: Resfriction enzyme digestion of pSZ1 using
BamHI and Xhol. The 3.9kb is the digested
pCR2.1-TOPQO vector and the 1.18kb iz the
digested gdh A gene. (M: GeneRuler™ 1kb DNA
ladder (Fermentas, Lithuania), lane 1-5 were all
positives clones)
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DISCUSSION

The gdhA4 gene of bacteria has been associated with
certain amino acid synthesis P, Therefore, manipulation of
the gene will not disturb the wviability of the bactera.
However, cells with disrupted gdhd gene, may become
attenuated and glutamate dependant™. This characteristic
may have a future use in the preparation of an attenuated
live vaccme against haemorrhagic septicaemia of cattle
and buffaloes!'".

Two sets of pruners were designed m this study,
based on the published gdhA sequence of P. multocida
serotype A 1. They were the gdhA "hnd gdhA  that
successfully amplified the whole gdhA gene consisting of
1180bp and the functional part of the gene, which was
652bp. The products were then confirmed via sequencing.

Following sequencing, the PCR products were cloned
with the TOPO TA Cloning Kit (Invitrogen, TSA)
resulting in pSZ1 plasmid. The plasmid was suitable to be
used in this study because of the coordinated restriction
enzyme sites of the insert. The suicide vector can later be
used 1n the second phase cloning for the disruption of the
gdhA gene of the host genome M.
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